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Description 

FIEmOFTHE INVENTION 

s This invention relates to an electrolytic copper foil tor use in the manufacture of a printed wiring board and also to 
a method for manufacturing the electrolytic copper foil. In parllcular. this Invention related to an electrolytic copper foil 
provided with a fine granular electrodeposit which is uniformly and densely formed on a surface of a matte or rough side 
of the electrolytic copper foil, said surface being treated in advance with txiffing. The electrolytic copper foil formed in 
this manner is excellent in etching properties at the occasion of forming a wiring pattern and hence quite suited for use 

10 in the formation of an ultra-fine pattern which is exceDent in high-frequency characteristic and in insulation reliability. 

BACKGROUND OF THE INVENTION 

The electrolytic copper foil to be employed In the manufacture of a printed wiring board is generally obtained by first 
IS electrodepositing copper on the surface of a cathode drum by an electrochemical means, i.e. by the electrolysis of a 
copper electrolyte, and then by stripping the resultant electrodeposited copper layer from the cathode drum. The elec- 
trolytic copper foil obtained in this manner is also called an electrodeposited copper foil. A shiny or glossy (drum) side 
of this electrodeposited copper foil is relatively smooth, but a matte or rough (copper depositing front side thereof is gen- 
erally rugged. The copper-dad laminated board to be employed in the manufacture of a printed wiring board is manu- 
20 factured by forming a granular copper electrodeposit on the matte side of this electrodeposited copper foil (a nodular 
forming treatment), sqperimposing the foil on a resin substrate made of fiberglass epoxy composite or polyimide facing 
this treated matte side to the substrate with heat and pressure applied. The wiring pattern of the printed wiring board is 
formed by etching this copper-dad laminated board. 

However, in recent trend of adopting an ultra-fine pattern of a printed wiring board, the magnitude of ruggedness 
25 or in-egularity of the matte side of the copper foil has raised a probi em that the ruggedness of the matte side of the cop- 
per foil is relatively large as compared with the fineness of a wiring pattern which is desired to be fonned on the printed 
wiring board, thereby inviting a deterioration in insulation reliability between circuit lines or between circuit layers. 

In order to overcome this problem, there has been recently tried to employ a very low profile foil (VI_P foil), i.e. an 
electrodeposited copper toil whose matte side surface's roughness is controlled to a low degree. According to J IS B 
30 060 1 , an ordinary electrodeposited copper foil having a thickness of 1 8)im has a surface roughness ( Rz) of 5 to 8\im at 
its matte side wherein Rz is the average deviation from the mean line of the five highest peaks and five lowest valleys 
within the roughness sampling length. Whereas, in the case of the VLP foil, the Rz thereof is about 3 to S^im. On the 
other hand, the Rz of the shiny side (a drum side) of this electrodeposited copper foil, which is opposite to the matte 
side, is about 1 .5 to a.O^m irrespective of the kinds of the electrodeposited copper foil since this shiny side is constituted 
35 by a transfer surface from the surface of drum. 

Even if the surface roughness of the VLP foil is relatively low. some degree of roughness is still remained in the sur- 
fiace of the VLP foil, thus raising a problem in the occasion of the aforementioned nodular forming treatment that the 
nodules to be formed in the treatment are concentrated at the tops of convex portions. If the nodules are concentrated 
in this manner, they may become copper remnants embedded in the substrate after the formation of a fine pattem so 
40 that an extra-etehing for removing these copper remnants may be required to be earned out If this extra-etching is per- 
formed, the fine pattern may be over-etched, thus raising a problem that the line width of the pattem may become nar- 
rower than a predetermined width. 

There is also proposed a method for forming a fine pattern (Japanese Patent Application Laid-open Gazette No. 
Hei 6-270,331) wherein the aforementioned nodular forming treatment is conducted on the shiny side of an electrode- 
46 posited copper foil, and then a substrate is superimposed on this shiny side of an electrodeposited copper foil thereby 
manufacturing a copper-dad lanrunated board for forming a fine pattern. 

According to the method of this Japanese Patent Application Laid-Open Gazette No. Hei 6-270,331, however, it is 
difficult to uniformly electrodeposit copper granules on the shiny side of an electrodeposited copper foil in the nodular 
forming treatment. Namely, although the surface roughness after the nodular forming treatment of the foil is as low as 
so 2.0 to 2.2 in Rz, a nodul e of relatively large size is focally fbmned, thereby making it difficult to employ such a foil for use 
in the formation of an ultra-fine pattern. 

There is also proposed a method wherein the aforementioned nodular fonming treatment is conducted after an 
electrodeposited copper foil is roll-worked in such a degree that an original profile on a matte surface would not be com- 
pletely vanished (Japanese Patent Application Laid-Open Gazette No. Sho 62-42,022). Furthermore, there is also pre- 
ss posed a method wherein the aforementioned nodular forming treatment is conducted after an electrodeposited copper 
foil is subjected to a grinding, a planing, a discharge-working or an electrolytic polishing in such a degree that the orig- 
inal profile on a matte surface would not be completely vanished (Japanese Patent AppEcatfon Laid-Open Gazette No. 
Sho 59-145,800). 

However, in any of these methods of nodular forming method according to the prior art, the original rugged surface 
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of the copper foil is still left remained partially, so that it is difficult to carry out a uniform formation of minute nodules, i.e. 
it is Impossible to avoid a local electrodeposition of the nodules, thus failing to reduce the roughness of the original 
matte surface of the foil to any substantial degree. In other words, it has been impossible according to the prior art to 
obtain an electrolytic copper foil which is excellent in etching properties at the occasion of forming a wiring pattern and 
5 suited for use in the fonnation of an uttra^ine pattern which is excellent in high-frequency characteristic and in insulation 
reliability. 

Summary of the Invention 

10 The present invention has been made in view of solving the aforementioned problems involved in tiie prior art, and 
therefore an object of the present invention is to provide an electrolytic copper foil which is excellent in adhesivity witii 
a substrate and In etching properties at the occasion of forming a wiring pattern and suited for use in the formation of 
an ultra-fine pattern excellent in high-frequency characteristic and in insulation reliability. 

Another object of this Invention is to provide a method of forming such an excellent electrolytic copper foil. 

15 it has been found by the present inventors after intensive studies on the aforementioned problems involved in the 
prior art that it is possible to solve tiiese problems by buffing at first a matte side of an electrolytic copper foil so as to 
completely extinguish the original profile of the matte surface and at tiie same lime to form a new fine rugged surface 
having a surfiace roughness (Rz) of 1.5^m or less, and then by uniformly forming nodules on tNs new fine rugged sur- 
face (a nodular forming treatment) tiiereby obtaining the electrolytic copper foil having a surface roughness (Rz) of 1 .5 

20 to 2.0^m. According to this process, it is possible to obtain an electrolytic copper foil for a print wiring board, which is 
excellent in adhesivity with a substrate and in etching properties at the occasion of forming a wiring pattern and suited 
for use in tiie formation of an ultra-fine pattern excellent in high-frequency characteristic and in insulation reliability. This 
invention has been accomplished based on these findings. 

Namely, according to tiie present invention, there Is provided an electrolytic copper foil in which an original profile 

25 of a matte surface thereof has been completely extinguished and fine ruggednesses having buffed sti'eaks have been 
newly formed ttiereon, characterized in that a surface roughness (Rz) of the matte surface before forming a nodular 
layer is LS^m or less and tiie Rz ttiereof after forming said nodular layer is 1.5 to S.Ofim. 

Brief PesffrlPtign fff thp Drjwlnfl 

30 

FIG. 1 is a microscopic photograph showing a cross-section of an electrolytic copper foil (18^ in ttiickness) before 
a buffing treatment is given to tiie foil; 

FIG. 2 Is a microscopic photograph showing a cross-section of an electrolytic copper foil (1 S^m in tNcloiess) whose 
matte surface side has been subjected to a buffing treatment which is pertomied by making use of a buff of #1 ,000 
35 wherein aluminum oxide is employed as an abrasive material; 

FIG. 3 is a microscopic photograph showing a surface of an electrolytic copper foil provided tiiereon with a granular 
copper layer according to Example 1 ; 

FIG. 4 is a microscopic photograph showing a aoss-sectional view in the longitudinal direction of a wiring pattern 
portion; 

40 FIG. 5 is a schematic cross-sectional view in tiie longitudinal direction of a wiring pattern portion for illustrating a 
metiiod for calculating an average value and standard deviation of copper grains, depth embedded in tiie substrate; 
FIG. 6 is a schematic cross-sectional view of a wiring pattern for illustrating a method for calculating an etching fac- 
tor Ef : 

FIG. 7 is an electron-microscopic photograph showing a treated surface of an electrolytic copper foil obtained 
45 according to Example 1 : 

FIG. 8 is a schematic plan view of a wiring pattern for Illustrating a metiiod for calculating tiie linearity of a circuit; 
FIG. 9 is a microscopic photograph showing a surface of an electrolytic copper foil provided ttiereon with a granular 
copper layer according to Comparative Example 1 ; 

FIG. 1 0 Is an electron-microscopic photograph showing a treated surface of an electrolytic copper foil obtained 
so according to Comparative Example 1 ; 

FIG. 11 is a microscopic photograph showing a surface of an elecb-olytic copper foil provided ttiereon witti a gran- 
ular copper layer according to Comparative Example 1 ; and 

FIG. 12 is an electron-microscopic photograph showing a treated surface of an electrolytic copper foil obtained 
according to Comparative Example 2. 

55 

Description ol the Prefenred Embodiment 

This invention will be explained in detail as follows. 

As for ttie copper foil to be employed in this invention, an ordinary copper foil whose matte surface side is relativeiy 
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high in roughness as well as a very low profile foil (VLP copper foil) whose matte surface is very low in roughness can 
be employed. In the following explanation however, the embodiments where the VLP copper foil was employed wiU be 
explained. 

The electrolytic copper foil for use In a printed wiring board according to this Invention is featured in that the matte 
s side (copper deposit growth front) of an original electrolytic copper foil is subjected in advance to a buffing treatment to 
form a surface of 1 .Spm or less in roughness, and then this buffed surface is subjected to a nodular forming treatment 
to obtain a surface roughness Rz of 1.5 to 2.0^m after said nodular surface-forming treatment. 

tf the roughness of the matte side of electrolytic copper foil after the buffing treatment is more than 1 .SMm. the cop- 
per electrodeposit is more likely to be undesirably concentrated at the top portion of convex portions of the buffed sur- 
ra face at the occasion of fonning a granular copper electrodeposit on the buffed surface of the electrolytic copper foil (a 
nodular forming treatment). 

Meanwhile, if the surface roughness of the matte side of the elecbt}lytic copper foil after the formation of granular 
copper electrodeposit thereon is less than 1 .5^m, the peel strength of a wiring pattern after the formation thereof on a 
printed wiring board would be insufficient. On the other hand, if the surface roughness of the matte surface side of the 

15 electrolytic copper foil after the formation of granular copper electrodeposit thereon exceeds over 2.0^m, a relatively 
large nodule may be locally grown, thus deteriorating the etching property, high-frequency characteristic and insulation 
reliability of the resultant electrolytic copper foil. 

By the term, "nodular forming treatment" as recited in this invention, it is meant a treatment for forming a minute 
granular copper electrodeposit on the matte side of an electrolytic copper foil by making use of an electrolytic solution, 

20 thereby improving an anchoring effect of the adhering surface of the electrolytic copper foil to a substrate to be adhered 
thereon. 

This invention will be further explained in detail with respect to the method for manufacturing an electrolytic copper 
foil for use in a printed wiring board according to this invention. 

The method for manufacturing an electrolytic copper foil according to this invention is featured In that the method 

25 comprises the steps of buffing a matte surface of the electrolytic copper foil to completely extinguish an original profile 
of the matte surface, forther buffing the completely extinguished matte surface to newly form fine ruggednesses having 
buffed streaks and to controll a surface roughness of the matte surface before forming nodules thereon to 1 .5pm or less, 
and subjecting said matte surface to a nodular forming treatment to control the surface roughness to 1 .5 to 2.0^m after 
said nodular forming treatment. 

30 According to a method for manufacturing an electrolytic copper foil of this invention, first of all, an electrodeposited 
copper foil is passed through a guide roll and at the same time, the matte side of the foil is pressed onto a buff so as to 
completely vanish tiie original profile of the matte surface and to form a new minute rugged surface having a roughness 
Rz of 1.5pm or less. The number of revolutton of tiie buff in ttiis case should preferably be 100 to 1,000 rpm. tf the 
number of revolution of the buff is less than 100 rpm, It is difficult to form a uniform surface roughness. On the other 

35 hand, if the number of revolution of the buff is more than 1 ,000 rpm, the rotation of the buff becomes unstable. In any 
case, rf the number of revolution of the buff falls outside the aforementioned range, it would be difflcuft to stably obtain 
an electrolytic copper foil having a surface roughness Rz of 1 .5pm or less. 

The contacting pressure of the buff should preferably be 0.5 to 3.0 kgf/cm^, more preferably 1 .0 to 2.0 kgf/cm^. If 
ttie contact pressure of the buff is less ttian 0.5 kgt/cm^, ttie pressure would be too weak to sufficienUy reduce ttie sur- 

40 face roughness to a desired extent. On ttie other hand, if ttie contact pressure of ttie buff is more than 3.0 kgf/cm^. ttie 
pressure to the copper foil becomes so strong that it will badly affect the physical strerigth of the copper foil, occasionally 
causing ttie fracture of the copper foil. 

The buffing should preferably be pertomied at a line speed in the range of from 2 to 4 m/min. If the buffing is per- 
formed at a line speed falling outside this range, the polishing may become non-uniform, making it difficult to obtain an 

45 electrolytic copper foil having a surface roughness of 1 .5pm or less. 

As for ttie kind of abrasive material to be employed in tills buffing, there is no limitation. However, ttie grain diameter 
of ttie abrasive material should preferably be confined to 5 to 50pm. For example, it may be preferable to perfomi tiie 
buffing using a buff of #1,000 wherein aluminum oxide is employed as an abrasive material. By means of ttiis buffing, 
ttie surface roughness of the rough side of tiie electrolytic copper foil is controlled to 1.5pm or less based on Rz. Witti 

50 this buffing, ttie original ruggedness on the matte surface of the copper foil which has been generated as a result of 
electrolysis is removed (completely vanishing the original rugged shape), and at tiie same time new very fine streaks 
are densely formed on ttiis matte surface of tiie capper foil ttiereby forming a matte surface having a predetermined 
roughness. 

Subsequentiy, a nodular forming ta-eatment is performed on this buffed matte side having a roughness Rz of 1 .5pm 
55 or less. In this nodular forming treatment, the top portions of the convex portions of the matte surface are electrodepos- 
ited with nodular copper grains generally in preference to other portions of the matte surface. Accordingly, since the 
number of the top portions per unit area is large on ttiis matte surface of the copper foil as a result of ttie aforementioned 
buffing treatment of densely forming new very fine stteaks on ttie surface, ttie copper grains can t>e uniformly and 
densely electrodeposited on this matte surface. This nodular fomiing treattnent is peilormed by ttie electrolysis of a 
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copper electrolyte while disposing an insoluble electrode lacing to ttiis buffed matte surface to face. This nodular form- 
ing treatment is consisted of a series of plating treatments, i.e. a burned plating, a covering plating and a whiskery plat- 
ing, each being performed under the following electrolysis conditions. 

5 (1) Burned plating 

This burned plating is performed by disposing an insoluble electrode facing to tfie matte side of an electrolytic cop- 
per foil to face and under the following electrolysis conditions. 

10 Concentration of copper: 5 to 30 g/L 

Concentration of sulfuric acid: 50 to 150 g/L 
Temperature of plating bath: 20 to 30"C 
Current density: 20 to 40 A/dm^ 
Time: 5 to 15 seconds 

IS 

Under these electrolysis conditions, a granular copper electrodeposit layer or so-called a burned plating is fomried 
on the matte side of the electrolytic copper fbil. 

(2) Covering plating 

20 

Then, the surface which has been treated with this burned plating Is further subjected to a covering plating under 
thefbUowing electrolysis conditions. 

Concentration of copper: 40 to 80 g/L 
25 Concentration of sulfuric acid: 50 to 150 g/L 
Temperature of plating bath: 45 to 55*C 
Current density: 20 to 40 A/dm? 
Time: 5 to 1 5 seconds 

30 Under these electrolysis conditions, a coating of copper or so-called a covering plating is formed on the aforemen- 
tioned granular copper electrodeposit layer. 

(3) Whiskery plating 

35 Furthermore, the surface which has been treated with this covering plating is further subjected to a whiskery plating 
under the following electrolysis conditions. 

Concentration of copper: 5 to 30 g/L 
Concentration of sulfuric acid: 30 to 60 g/L 
40 Temperature of plating bath: 20 to 30"C 
Current density: 10 to 40 A/dm? 
Time: 5 to 15 seconds 

Under these electrolysis conditions, a whiskery-like copper or so-called whiskery plating is formed on the afbre- 

45 mentioned copper coating. 

The surface roughness after this nodular forming treatment of the matte side of the copper fbil would be In the range 
of from 1 .5 to 2.0^m based on Rz. If the surface roughness based on Rz of the copper fbil is less than 1 .5^m, it may be 
difficult to expect a suffident peel strength when a wiring circuit is formed by making use of such a copper foil adhered 
in advance onto a substrate. On the other hand, if the surface roughness based on Rz of the copper fbil exceeds over 

so 2.0fim, nodules of relatively large size may be caused to grow locally, thereby deteriorating the etching property, high 
frequency characteristic and insulation reliability of the copper fbil. 

After being subjected to nodular forming treatment as mentioned above, the electrolytic copper fbil is then sub- 
jected to a con'osion prevention treatment. Hie conditions for this conosion prevention treatment may be the same as 
those generally employed in the art. 

ss For example, this corrosion prevention treatment may be performed by plating zinc on the surface of the copper foil 
which has been subjected in advance to the aforementioned nodular forming treatment, and tiien subjecting tiiis zinc- 
plated surface to an electrolytic chromate treatment, which Is followed by a silane coupling treatment as explained 
below. 

In the zinc-plating treatment, an electirolytic solution containing zinc at a concentration of 5 g/L and sulfuric acid at 
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a concentration of 50 g/L and kept at a tenoperature of 25'*C is employed, and tlie plating Is performed at current density 
of 5 A/dm^ for 8 seconds. 

Then, the electrolytic chromate treatment on this zinc-plated surface is performed using an electrolytic solution con- 
taining chromic anhydride at a concentration of 2 g/L, the pH thereof being adjusted to 4, for 8 seconds under the con- 
5 dition that the current density is controlled to 1 A/dm^. 

Finally, g-glycidoxypropyltrimethoxy silane as a silane coupling agent is coated on this chromate-treated surface. 
The electrolytic copper foil obtained after these surface treatments Is superimposed on one surface of a resin sub- 
strata made for instance of fiberglass epoxy composite or polylmlde by means of a thermal press-bonding or a pressure 
bonding with this buffed surface of the copper foil being faced to the resin substrate, thereby obtaining a copper clad 
10 laminate board. 

A dry film is then superimposed on this copper dad laminate board according to a known method, and exposed, 
via a pattern film bearing a predetermined resist width and a circuit inten^l, to a UV light, thereby forming a circuit pat- 
tern. The circuit pattern formed in this manner is then subjected to an etching treatment by way of known process using 
a copper chloride etching solution which is available in the market, thereby obtaining a printed wiring board bearing a 
IS desired wiring pattern. 

This invention is featured as mentioned above in that the matte side of an electrodeposited copper foil is at first pol- 
ished with a buff so as to completely vanish the original proffle of the matte surface and at the same time to fonn a new 
fine streats surface having a roughness of 1 .5pm or less, and then nodules formed of uniform fine granular copper elec- 
trodeposits are densely formed on the matte surface. Therefore, it has become possible according to this invention to 
so obtain an electrolytic copper foil suited for use In the formation of an ultra-fine pattern, which is excellent in insulation 
reliability between lines of circuit pattern. Moreover, since the roughness of both surfaces of the electrolytic copper fbil 
according to this invention is relatively low, it is possible to manufacture an electrolytic copper foil suited for use in the 
formation of an ultra-fine pattern, which is excellent in insulation reliability between layers and in high-frequency char- 
acteristics even if the electrolytic copper foil Is applied for the manufacture of a printed wiring board. 

DESCRIPTION OF THE PREFERRED EMBQDIMENrTS 

This invention will be further explained with reference to specific Example and Comparative Examples. 
30 Example 1 

The matte side of an electrolytic copper foil with 18^ in thickness, I.SO^m in roughness (Rz) at the shiny side 
thereof, 2.50Mm in roughness (Rz) at the matte side thereof was subjected to a buffing treatment using a buff of #1 ,000 
(Tsunoda Brush Kabushiki Kaisha) wherein aluminum oxide is ennployed as an abrasive material under the conditions 

35 of: 200 rpm in number of revolutions, 1 .0 kgf/cm^ in contacting pressure and 3 m/min in line speed. As a result, the sur- 
face roughness (Rz) of matte surface side of the copper foil after buffing was found to be 1 .50^m. FIG. 1 shows a micro- 
scopic photograph (1.000 times in magnification) of a cross-section of an electrolytic copper foil (18^m in thickness) 
before the buffing treatment and FIQ. 2 shows a microscopic photograph (1 ,000 times in magnification) of a cross-sec- 
tion of an electrolytic copper foil after the buffing treatment of the matte surface side thereof. As seen from these micro- 

40 scopic photographs, the original profile of the matte surface was completely vanished after the buffing treatment and, 
instead of that, new fine streaks are was densely formed on the matte surface by the buffing treatment. 

Then, an electrolytic solution containing copper at a concentration of 12 g/L and sulfuric acid at a concentration of 
100 g/L and kept at a temperature of 25^C was employed for performing a burned plating, through electrolysis, of the 
buff- treated surface for 10 seconds at a cunrent density of 30 A/dm^ while disposing an insoluble electrode facing to the 

45 buff-treated surface side. Thereafter, a covering plating was performed for 10 seconds at a current density of 30 AAlm? 
using an electrolytic solution containing copper at a concentration of 60 g/L and sulfuric acid at a concentration of 100 
g/L and kept at a temperature of 50*C. 

Furthermore, a whiskery plating was performed for 10 seconds at a cunent density of 10 A/dm^ using an electro- 
lytic solution containing copper at a concentration of 12 g/L and sulfuric add at a concentration of 45 g/L and kept at a 

so temperature of 25°C, thereby forming a granular copper layer. 

The surface roughness (Rz) of the matte surface of the copper foil after the buffing treatment was found to be 
1.89^. FIG. 3 shows a microscopic photograph (5,000 times In magnification) of the matte surface of the electrolytic 
copper foil after the aforementioned buffing treatment. As seen from the microscopic photograph shown in FIQ. 3, nod- 
ules formed of granular copper were electrodeposited along the fine concave/convex shape of the buff -treated surface. 

55 Then, a con'osion prevention treatment was perfomied as follows on the matte surface side of the electrolytic cop- 
per foil which had been subjeded to the aforementioned nodular forming treatment. 

First of all, a zinc-plating was performed for 8 seconds at a current density of 5 A/dnf using an electrolytic solution 
containing zinc at a concentration of 5 g/L and sulfuric add at a concentration of 50 g/L and kept at a temperature of 
25'>C. Thereafter, an electrolytic chromab'ng treatment was performed for 5 seconds at a cun^nt density of 1 AAdm^ 
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using an electrolytic solution containing chromic anhydride at a concentration of 2 g/L and adjusted in pH to 4. Subse- 
quently, the resultant product was washed with running water and dried with hot air. 

The electrolytic copper foil obtained after these surface treatments was superimposed on one surface of a resin 
substrate made of fiberglass epoxy composite (FR-4) by means of a thermal press-bonding with this buffed surface of 
s the copper foil being faced to the resin substrate, thereby obtaining a copper clad laminate board. 

Then, a dry film (Nichigo Alfa Kabushiki Kaisha) was then superimposed on this copper clad laminate board, and 
exposed, via a pattern film bearing a resist width of SOpm and a circuit Interval of 100Mm, to a UV light, thereby forming 
a circuit pattern. The circuit pattern formed in this manner was then subjected to an etching at a temperature of 50*C 
for 30 seconds by using a copper chloride etching solution which is available in the market, thereby obtaining a printed 
10 wiring board bearing a desired wiring pattern. 

Then, the following evaluation tests were conducted on this printed wiring board. 

(1) The size of copper grains embedded in the fiberglass epoxy composite substrate: 

IS A piece of the printed wiring board was embedded in a cold embedding resin and kept for a whole day and night so 
as to allow the resin to be completely cured. Thereafter, a photograph of 1 ,500 times in magnification of the cross-sec- 
tion of the circuit pattern in the longitudinal direction thereof was taken by making use of a microscope (FIG. 4). 

Then, a straight line was drawn as shown in FIG. 5 and the distance from this straight line to the copper grain was 
measured at 15 measuring points. Then, an average value and standard deviation of the measured distances were cal- 
20 culated. This standard deviation of the measured distances Is Indicative of the non-uniformity in size of copper grains, 
i.e. the smaller this standard deviation is, the smaller the non-uniformity in size of the copper grains. 
The average value obtained was 0.48 and the standard deviation obtained was 0.43. 

(2) Etching factor: 

25 

The etching factor was calculated as follows by referring to the microscopic photograph of 600 times in magnifica- 
tion of a piece of the same cross-section as explained in the above item (1). Namely, as shown in FIG. 6, the top width 
of the wiring pattern of the printed wiring board was defined as W1 , the bottom width of the wiring pattern of the printed 
wiring board was defined as W2 and the thickness of the copper foil was defined as T in the calculation of the etcNng 
30 factor Ef according to the following equation. 

Ef = 2T/{W2-W1) 

It can be understood from this equation that the section of the circuit pattern becomes more close to a square in 
35 shape, i.e. more sharp in shape, the etching factor becomes larger in value. The etching factor obtained in Example 1 
was 3.69 in average of six sectional pieces. 

(3) Linearity of wiring pattern: 

40 A fiberglass epoxy composite substrate was press-bonded onto the buff-treated surface of the electrolytic copper 
foil obtained in Example 1 to manufacture a circuit pattern having a line width of 50 to lOOjim. This circuit pattern was 
then mounted on a sample table of an electron microscope and the microscopic photograph of 600 times in magnifica- 
tion of the circuit pattern (FIG. 7) was taken by making use of a field emission type electron microscope (Hliachi Sei- 
sakusho, S-4100}. Since both surfaces of electrolytic copper foil obtained according to this invention was fow in 

45 roughness, the linearity of the circuit was excellent In this invention, the phenomenon that the quality of etching char- 
acteristics can be manifested by the features of the in'egularity at the bottom line of the circuit was taken notice of, and 
therefore the etching characteristics was evaluated from the degree of irregularity as explained below. 

Then, a pair of parallel straight lines were drawn in the longitudinal direction of the circuit line as shown in FIG. 8 
and then the width of the bottom of the circuit was measured at 15 measuring points which were set apart equidistantly. 

50 Then, an average value and standard deviation of the measured widths were calculated. This standard deviation of the 
measured widths is indicative of the degree of linearity at the bottom of the circuit, i.e. the smaller this standard deviation 
is, the smaller the non-uniformity in width of the circuit, which means in turn that the trace of etching is more dose to a 
straight lina As a matter of fact, the standard deviation in width of the circuit according to this invention was found to be 
0.67Mm, indicating an excellent linearity of the circuit. Therefore, the remnant of copper at the bottom of the circuit after 

65 etching treatment is very little in the circuit pattern of this invention, so that it is possible to obtain an excellent inter-clr- 
cu'rt insulation. 
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(4) Peel strength: 

The peel strength of a wiring pattern with lOnvn in line width was measured. As a resuH, the peel strength of the 
wiring pattern was found to be 1 .02 kgf/cm. 
6 The results of these evaluation tests are summarized in Table 1 . 

ComparativB Example 1 

A granular copper layer was deposited on the matte surface side of an electrolytic copper foil with 18nm in thick- 
10 ness, 1 eOMm in roughness (Rz) at the shiny side thereof, 4.60tim in roughness (Rz) at the matte surface side thereof 
in the same conditions as eiqslained in Example 1. but without performing the aforementioned buffing treatment. The 
surface roughness of the resultant matte surface side of the copper foil was found to be 5.75^m. FIG. 9 shows a micro- 
scopic photograph (5,000 times in magnification) of the matte surface side of the electrolytic copper foil after the depo- 
sltton of the granular copper layer. As seen from FIG. 9, nodules formed of granular copper were irregulariy 
15 electrodeposited on the matte surface side of the copper foil. 

Then, a corrosion prevention treatment was performed on the matte surface side of the electrolytic copper foil bear- 
ing such a granular copper layer as explained above under the same conditions as in Example 1 . 

The electrolytic copper foil obtained after these surface treatments was superimposed on one surface of a resin 
substrate made of fiberglass epoxy composite by means of a thermal press-bonding with this surface-treated side of 
20 the copper foil being faced to the resin substrate, thereby obtaining a copper dad laminate board. 

Then, this copper clad laminate board was exposed, via a pattern lilm bearing a resist width of SOjim and a circuit 
interval of lOO^m, to a UV light in the same manner as in Example 1 , thereby forming a circuit pattern. The circuit pat- 
tern formed in this manner was then subjected to an etching to obtain a printed wiring board. 

Then, the evaluation tests were conducted on this printed wiring board in the same manner as in Example 1 . 
25 The size of copper grains embedded in the fiberglass epoxy composite substrate was found to be 2.01 in average 
and the standard deviation was 1 .67. 

The etching factor was found to be 1 .86 in average of six sectional pieces. 

Then, a fiberglass epoxy composite substrate was press-bonded onto the treated surtiace of the electrolytic copper 
foil in the same manner as in Example 1 to manufacture a circuit pattern having a line width of 50 to 100nm. Thereafter. 
30 the microscopic photograph of 600 times in magnification of this circuit pattern (FIG. 10) was taken In the same manner 
as in Example 1. As apparent from the microscopic photograph, since the matte surface side of electrolytic copper foil 
according to this Comparative Example 1 were high in roughness, the linearity of the circuit was poor. 

Then, a pair of parallel straight lines were drawn in the longitudinal direction of the circuit line In the same manner 
as in Example 1, and then the width of the bottom of the circuit was measured at 15 measuring points which were set 
35 apart equidistantly Then, an average value and standard deviation of the measured widths were calculated. 

The peel strength of a wiring pattern with 10mm in line width was found to be 1 .51 kgf/cm. 

The results of these evaluation tests such as the roughness of the matte surface side, etching factor and linearity 
of circuit are summarized in Table 1. 

40 Comparative Example 2 

A granular copper layer was deposited on the shiny side of the same electrolytic copper foil as employed in Exam- 
ple 1, i.e. ^Q^lm in thickness, 1 .BQnm in roughness (Rz) at the shiny surface thereof, 2.50jim In roughness (Rz) at the 
matte surface side thereof in the same conditions as explained in Example 1, but without performing the aforemen- 
45 tioned buffing treatment. The surface roughness of the resultant shiny surface of the copper foil was (bund to be 
2.09|im. FIG. 1 1 shows a microscopic photograph (5,000 times In magnification) of the shiny side of the electrolytic cop- 
per foil after the deposition of the granular copper layer. As seen from FIG. 1 1 , nodules formed of granular copper were 
in-egularfy electrodeposited on the shiny side of the copper foil. 

Then, a con'osion prevention treatment was performed on the shiny side of the electrolytic copper foil beanng such 
50 a granular copper layer as explained above under the same conditions as in Example 1 . 

Then, this electrolytic copper foil bearing a granular copper layer formed on the shiny surface thereof was exposed, 
via a pattem film bearing a resist width of SO^m and a circuit Interval of lOOMm. to a UV light In the same manner as In 
Example 1 , thereby forming a circuit pattern. The circuit pattern formed in this manner was then subjected to an etching 
to obtain a printed wiring board. 
55 Then, the evaluation tests were conducted on this printed wiring board in the same manner as in Example 1 . 

The size of copper grains embedded in the fiberglass epoxy composite substrate was found to be 0.98 in average 
and the standard deviation was 0.871 . 

The etching factor was found to be 2.22 In average of six sectional pieces. 

Then, a fiberglass epoxy composite substrate was press-bonded onto the treated surface of the electrolytic copper 
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foil in the same manner as in Example 1 to manufacture a circuit pattern having a line width of from 50 to 1 0O^m. There- 
after, the microscopic photograph of 600 times in magnification of this circuit pattern (FIG. 12) was taken in the same 
manner as in Example 1 . As apparent from the microscopic photograph, since the linearity of the circuit was not suffi- 
cient enough for use in the formation of an ultra-fine pattern, 

5 Then, a pair of parallel straigfit lines were drawn in the longrtudinaJ direction of the circuit line in the same manner 
as in Example 1, and then the width of the bottom of the circuit was measured at 15 measuring points which were set 
apart equidistantly. Then, an average value and standard deviation of the measured widths were calculated. 
The peel strength of a wiring pattern with 10mm in line width was found to be 1 .13 kgf/cm. 
The results of these evaluation tests such as the roughness of the matte surface side, etching factor and linearity 

10 of circuit are summarized in Table 1 . 



Table 1 





example i 


comparative 
Example 1 


uorr^arauVB cxampio ^ 
(e) 


Average surface roughness before treatment [i^(^m) 
(a) 


2.50 


4.60 


1 .60 (Shiny surface side) 


Average surface roughness after treatment [RZ](|im) (a) 


1.50 






Average surface roughness after deposition of granular 
copper layer [RZ](^m) (a) 


1.89 


S.75 


2.09 


Diameter of granular Cu 


Average (^m) (b) 


0.97 


1.62 


1.34 


Standard deviation (^m) (b) 


0.113 


0.49 


0.276 


Depth of Cu grains 
embedded in substrate 


Average (^m) c) 


0.48 


2.01 


0.98 


Standard deviation (^m) (c) 


0.430 


1.67 


0.781 


Circuit width (bottom) 


Average (^m) (d) 


50.8 


63.5 


68.3 


Standard deviation (Mm)(d) 


0.67 


2.89 


1.02 


Etching factor 


3.69 


1.86 


2.22 


Peel strength (kgf/cm) 


1.02 


1.51 


1.13 


Insulation reliability 


Interlayer insulation 


Very good 


Bad 


Good 


Intercircuit insulation 


Very good 


Bad 


Good 



Note: 

(a) An average value of three measuring points as measured witfi a surface roughness tester. 

(b) An average value and standard deviation of copper grains, which were obtained as the diameter of the copper grains were 
^ measured a1 ten points at random tram a microscopic photograph (5,000 times in magnification) o1 the matte side of the cop- 
per foil. 

(c) An average value and standard deviation of the depth of nodules, which were obtained as the fiberglass epoxy composite 
substrate was pressure bonded onto the matte side o1 the copper foil, and the depth of nodules embedded in the substrate 
was measured at 15 measiring points. 

4S (d) An average value and standard deviation of the width of circuit, which were obtained as the fiberglass epoxy composite 
substrate was pressure-bonded onto the buff-treated surface side of the copper foil, and a circuit having a fine width of 50 to 
1 0Opm was formed on the copper foil, which was then measured at 15 measuring points. 

(e) All values indicated in the column of Comparative Example 2 were obtained by measuring the features of the shiny sur- 
face side. 

50 

Claims 

1. An electrolytic copper foil in which an original profile of a matte surface thereof has been completely extinguished 
and fine ruggednesses having buffed streaks have been newly formed thereon, characterized in that a surface 

ss roughness Rz of the matte surface before forming a nodular layer is 1 .5fim or less and the surface roughness 
thereof after forming said nodular layer is 1 .5 to 2.0^m. 

2. The electrolytic copper foil according to claim 1 , wherein a corrosion prevention layer is provided on said nodular 
layer. 
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The electrolytic copper M according to daim 2, wherein said corrosion prevention layer is composed of a zinc layer 
and a chromate-treatment layer formed on said zinc layer. 

The electrolytic copper foil according to daim 3, wherein a sitane coupling layer is formed on said chromate-treat- 
ment layer. 

A method for manufacturing an electrolytic copper foil for use in a manufacture of a printed wiring board, wNch 
comprises the steps of 

buffing a matte surface of the electrolytic copper foil to completely extinguish an original profile of the matte sur- 
face, 

further buffing the completely extinguished matte surface to newly form fine ruggednesses having buffed 
streaks and to controll a surface roughness of the matte surface before forming nodules thereon to I.Stxm or 
less, and 

subjecting said matte surface to a nodular forming treatment to control the surface roughness to 1 .5 to 2.0^m 
after said nodular forming treatment. 
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Fig. 1 




Fig. 2 
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Wl : Line width at top 
W2 : Line width at bottom 
T : Thickness of Cu foil 



Etching factor = - ^i) 

Fig. 6 
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SEM Photograph 



W : Width at bottom 
Wmax : Maximum width at bottom 
Wmin : Minimum width at bottom 



[Non- uniformity of W] = Standard deviation X [Wmax -Wmin] 

Fig. 8 
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Fig. 11 
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